New space-mission concepts often require the generation of large amounts of data, but the capacity of communications channels has not increased proportionally. Thus, data compression has become a crucial aspect in designing new missions and instruments. In addition, many modern ground-based systems that must transfer impressive amounts of data-both between distant locations and within local networks of high-performance computers-are currently in the planning or operation stages. These systems will also benefit from highly efficient data compressors.
Figure 1. Compression efficiency of Rice-Golomb and prediction error coder (PEC) codes for discrete Laplacian distributions, using only three calibration points (at data entropies of 3, 5, and 11bits/sample).
instruments because of the impact of energetic particles. When entropy coding is used for data compression, an adequate compromise between high compression ratios for frequent values and small expansion ratios for least-frequent data numbers must be found. Obviously, the best overall ratios are pursued, but at an acceptable computing cost. The compressor should additionally adapt to changing statistics, but in regards to spaceborne solutions, this should be done using small and independent data blocks to minimize packet losses when transmission errors occur. 7 In general, common solutions perform fairly well, but some compromises cannot be attained. In addition, an efficient entropy coder can be used as both a general-purpose compressor (when combined with a generic pre-processing stage) and the coding stage of sophisticated solutions that are currently available, such as image compression 8 or hyperspectral-data compression. 9 We focused on the second stage of the two-stage datacompression strategy. Specifically, our goal was to design an optimal entropy coder, initially aimed at lossless data compression (although it may eventually be used for lossy compression as well). We designed the prediction error coder 11 (PEC) based on a segmentation strategy that makes it adequate for data described by unusual statistical distributions (contrary to Golomb-based coders). Figure 1 illustrates the coder's robustness compared to the Rice-Golomb coder 12, 13 used as space standard for lossless data compression. The efficiency of the PEC never drops below 40%, even when very large values are received (and it limits the maximum code length to less than twice the original size), while the Rice compressor can sometimes lead to prohibitive code lengths. We also designed a highly optimized adaptive layer, resulting in the fully adaptive PEC 14 (FAPEC). This solution requires nearly the same computing resources as the current space standard, while offering much better resiliency regarding outliers. Figure 2 shows the ratios achievable by FAPEC when applied to synthetic data with 10% of outliers, a situation that may be found for several space instruments. 15 The current standard cannot even reach ratios of two, while FAPEC may exceed four. Table 1 shows some tests done on real data using a very simple pre-processing stage, where the potential of FAPEC can be better appreciated. In the worst case, FAPEC is 5% below the standard, while in some cases it can double the compression ratios. FAPEC has been prototyped in a field-programmable gate array, 16 offering throughputs of 32Mb/s with just 35mW of power consumption.
In summary, we have designed and implemented-both in software and hardware-a highly efficient coding stage for data compression. It is a reliable and demonstrated alternative to existing coders that can be applied to complex, existing solutions such as in the context of image or hyperspectroscopy compression. The FAPEC coder can be used onboard satellites but also in ground systems such as for high-performance computing. We intend to further improve the coder and test its performance as coding stage of sophisticated compression systems. We also plan to parallelize its hardware implementation to reach higher throughputs.
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